The aim of this study was to describe the natural history of HCV after 16 years of infection, in a cohort of individuals who acquired their infections on a known date in the United Kingdom. A total of 924 HCV-infected transfusion recipients (cases) and 475 anti-HCV negative transfusion recipients (controls) were eligible for inclusion in the study. Survival was compared between cases and controls to see if there was any excess mortality attributable to HCV. The results show that all-cause mortality was not significantly different between cases and controls (hazard ratio 1 . 17, 95 % CI 0 . 92-1 . 49, P=0 . 21). However, the risk of death directly from liver disease was higher in cases than controls (hazard ratio 2 . 71, 95 % CI 1 . 09-6 . 75, P=0 . 03). Nearly 30 % of those HCVinfected cases who died directly from liver disease were known to have consumed excess alcohol.
INTRODUCTION
Hepatitis C (HCV) is a common cause of liver disease [1] and a major health problem worldwide [2] . The natural history of HCV is not fully described, and it was for this reason that a national cohort study of HCV was established in the United Kingdom [3, 4] . This study compared a large group of patients who had been infected with HCV by blood transfusion (cases) with a group of anti-HCV negative transfusion recipients (controls). All these recipients had been traced during the national HCV lookback progamme that was initiated by the Department of Health to help find recipients of potentially infected blood transfused prior to the introduction of routine donor testing for HCV [5] . Patients were recruited and followed up via the HCV National Register [3] .
After the first decade of infection there was some evidence that all-cause mortality might be higher in cases [hazard ratio (HR) 1 . 41, 95 % confidence interval (CI) 0 . 95-2 . 08, P=0 . 08] and the survival curves of the cases and controls were diverging [4] . If this divergence in mortality were to persist, then after 16 years a significant difference in survival would be expected. Cases were nearly six times more likely to have died from liver disease than controls, but this difference was not significant (P=0 . 10).
The aim of this study was to re-examine this cohort of patients, 6 years later, to see if there was now any excess mortality among individuals infected with HCV compared to transfusion recipients who are anti-HCV negative.
METHODS
Of the 996 HCV-infected transfusion recipients who had been traced during the UK lookback programme [3] , 924 cases were eligible for inclusion in this study [4] . A total of 475 of the 536 recipients who were traced during the HCV lookback programme, but who tested negative for anti-HCV, were eligible for inclusion in the study as controls [4] . The characteristics and exclusion criteria for these cases and controls have already been reported [4] . For those still alive at the end of 2004, the mean time since transfusion by the end of that year was 16 . 2 years (range 13 . 3-25 . 6) for cases and 16 . 8 years (range 13 . 3-30 . 0) for controls. The mean age at transfusion was 43 . 6 years (range 0 . 0-87 . 2) and 41 . 5 years (range 0 . 0-84 . 5) for cases and controls respectively. Cases did not differ by age or sex from the controls [4] . At baseline, 859 of the 924 cases (93 %) were HCV antibody positive ; 65 were indeterminate for HCV antibodies (indeterminate was defined as testing positive or indeterminate for HCV antibodies on initial HCV EIA testing, and indeterminate on confirmatory recombinant immunoblot assay (RIBA) testing -all were HCV RNA negative). The baseline HCV RNA status was positive in 697 (75 %), negative in 187 (20 %), and unknown in 40 (4 %) cases. By the end of 2004, 185 (20 %) of the cases had received antiviral treatment for their infections, 606 (66 %) were known not to have been treated, and 133 (14 %) were of unknown treatment status.
Data were collected for cases and controls at the time of initial counselling during the HCV lookback programme and from death certification. All-cause and liver-related mortality were compared between cases and controls. Mortality was said to be ' liverrelated ' if there was any mention of HCV or liver disease on the death certificate. By reviewing the text of the death certificates, deaths were further classified into those where liver-related disease was likely to have directly caused death. This included certificates that mentioned hepatocellular carcinoma or end stage liver disease (varices, ascites, liver failure or hepatic encephalopathy) or where liver disease was coded as the underlying and only cause of death. In this analysis, death certificates where liver disease or hepatitis C were mentioned only as contributory factors were excluded, because they were considered to probably have been influenced by knowledge of the patient's HCV status. This review and classification was undertaken by two medically qualified consultants -an epidemiologist (M.E.R.) and a hepatologist, blinded to HCV status.
Differences in baseline data at counselling between cases and controls were assessed using t tests for means or x 2 tests for proportions. In order to test for differences in survival between eligible cases and controls, Cox's proportional hazards survival analysis was used with survival taken from the date of counselling to death with censoring at the end of 2004. Multivariable modelling allowed adjustment for differences between cases and controls according to factors, such as alcohol consumption, and tests for interactions between HCV status and other factors that affect survival, like age and sex.
This study was approved by the North Thames Multicentre Research Ethics Committee.
RESULTS
By the end of 2004, 255 out of 924 (27 . 6 %) eligible cases had died (Fig. 1) . Of the 255 deaths, 66 (25 . 9%) had a mention on the death certificate of one or more liver-related conditions: hepatocellular carcinoma (n=9), liver encephalopathy (n=2), portal hypertension (n=1), ascites (n=1), varices (n=1), hepatic failure (n=10), cirrhosis (n=22), liver disease (n=6), or chronic hepatitis/hepatitis C (n=51). Of these 66 deaths, only 34 were considered to have died directly from liver disease. Of these 34, for seven (20 %) the underlying cause of death was not coded to any liver condition (two were coded to transfusion and five to other conditions). At death, these 34 cases had been infected for 11 . 6 years on average (range 5 . 6-18 . 0). Of these 34 cases, only three were known to be antiHBc positive (none were known to be HBsAg positive). Four of the 34 mentioned alcohol on their death certificate, and for a further six cases excessive alcohol consumption was reported at counselling or during follow-up. As such, 29 . 4 % of those patients who died as a direct result of their liver disease were known to have had excessive alcohol consumption. Thirty-two of the 66 liver-related deaths were judged not to have died as a direct result of their liver disease. These 32 cases died of heart disease (n=11), cancer (n=9), pneumonia (n=5), cerebral vascular accidents (n=2), septicaemia (n=2), and a variety of other causes (n=3), with HCV or liver disease simply mentioned on the death certificate. Of the controls, 112 out of 475 (23 . 6 %) had died by the end of 2004 (Fig. 1 ) and only six (5 . 4 %) had any liver-related condition mentioned on the death certificate. These individuals died from hepatocellular carcinoma (n=2), and hepatic failure : (i) of unknown cause (n=1), (ii) associated with alcohol (n=1), (iii) following paracetamol overdose (n=1), and (iv) in association with sickle cell disease (n=1). All were judged to have died directly from their liver disease. Of the six controls who died directly from liver disease, all were known to be HCV ribonucleic acid negative and four anti-HBc negative (the results for the other two were not known). None had reported significant alcohol consumption at counselling.
The survival analysis with all-cause mortality showed no evidence of a difference between cases and controls (HR 1 . 17, 95% CI 0 . 92-1 . 49, P=0 . 21) (Fig. 2) . The proportional hazards assumption was checked by comparing the Kaplan-Meier survival curves with the fitted proportional hazards curves and also by testing the proportional hazard assumptions using Schoenfeld residuals (P=0 . 46). The significance of the case-control factor was also assessed using other survival models (Weibull and log-normal) and these gave similar results. Factors that significantly worsened survival were older age, being male, and level of alcohol consumption (all P<0 . 001, Table 1 ). Compared to drinkers of 1-20 units per week, survival was worse for cases with unknown (HR 2 . 77, 95 % CI 1 . 96-3 . 92) and zero consumption (HR 1 . 51, 95% CI 1 . 17-1 . 96) and for those consuming o20 units per week (HR 1 . 15, 95 % CI 0 . 80-1 . 64). There was no evidence that the relationship between survival and age, sex, or alcohol use differed between cases and controls. There was a significant difference in survival to death certified as liver-related (72 deaths : 66 cases, 6 controls) between cases and controls (HR 5 . 04, 95 % CI 2 . 12-12 . 00, P=0 . 0003). Comparison of survival to a death directly from liver disease (40 deaths : 34 cases, 6 controls) was also statistically significant (HR 2 . 71, 95 % CI 1 . 09-6 . 75, P=0 . 03). The three survival analyses, comparing survival to death from any cause, survival to death from a liver-related cause, and survival to death directly from liver disease were repeated for three subgroups of cases : first, restricting the analysis to those cases who had not been treated, second, restricting the analysis to those cases who were HCV RNA positive, and third, restricting the analysis to those cases who were PCR positive and who had not been treated. In none of these analyses was there any significant difference in survival between cases and controls ( Table 2) .
DISCUSSION
After 16 years of infection, all-cause mortality among transfusion recipients who tested anti-HCV positive or indeterminate was 1 . 2 times greater than that observed in a similarly traced group of HCV-negative transfusion recipients. This increased risk was not statistically significant, even when analyses were restricted to those who were HCV RNA positive, or untreated. A significantly increased risk of dying with liver-related causes was observed among the cases, but this association is probably because individuals who are known to be HCV-positive are more likely to have HCV, chronic hepatitis or liver disease mentioned on their death certificates. When this analysis was restricted to cases who died directly from liver disease, the risk of dying was significantly greater for cases than controls (P=0 . 03). There are inherent limitations associated with studies relying on data from death certification and these have already been reported [4] , nevertheless, when the full text of death certificates are reviewed these biases should be reduced. For example, 20 % of the cases classified as dying directly from liver disease were not assigned to an underlying liver disease code. Researchers relying on the underlying cause of death codes should be aware of this limitation. Amongst the cases, excessive alcohol consumption was known to be implicated in nearly one third of all deaths from liver disease, and it was not possible to rule out alcohol as a contributory factor from the others. Since survival was worst amongst those individuals whose alcohol consumption was not known/reported (Table 1) , it is possible that poor reporting in the clinical setting has weakened the ability of our study to examine this co-factor [6] . Despite this, survival was worst in those whose consumption exceeded 20 units of alcohol per week, compared to individuals who consumed 1-20 units per week. As demonstrated by others, overall survival was also worse in those whose who were teetotal, suggesting that moderate levels of alcohol consumption have protective effects against a variety of other diseases [7, 8] .
To fully determine the natural history of HCV, longer term cohort studies are required. In the United States, Seeff et al. followed-up a cohort of non-A, non-B hepatitis transfusion recipients who had been identified in the early 1970s and compared their mortality with a group of matched, transfused, controls from the same studies who did not have hepatitis [9] . This latter study shows that all-cause mortality, although high, was not significantly different between cases and controls after 25 years [10] . However, the relatively low level of liver-related mortality (<3%) was found to be significantly higher among cases (4 . 1 %) than controls (1 . 3%, P=0 . 05). In the present study, we found similar levels of mortality from liver disease (2 . 9 %) even though our study participants had been infected for a relatively shorter period of time, with a similar difference between cases (3 . 7%) and controls (1 . 3%, P=0 . 03). Currently, few cohort studies have exceeded 25 years of follow-up and, therefore, critical information has not been available beyond this time point. The alternative sources of data on the natural history of HCV are obtained from retrospective studies of individuals who have presented with chronic symptomatic disease. These studies tend to overestimate HCV-related disease because they exclude individuals with mild or subclinical disease, those who have not been tested for HCV, and those who have resolved their infections. A 45-year follow-up has been achieved by one retrospective cohort study that used archived serum collected for other reasons in the 1940s and 1950s to test for anti-HCV and HCV RNA [11] . Although the results of that study may have been limited by the quality of the specimens following prolonged storage and the representativeness of the sample (predominantly male US military recruits), HCV-positive individuals in this study had low liverrelated morbidity and mortality rates. Similar to those studies of women who were exposed to HCVcontaminated immunoglobulin [12, 13] , the present study suggests that otherwise healthy HCV-positive persons might be at lower risk of progressive liver disease than was previously thought. Nevertheless after 16 years of infection, we have shown that transfusion recipients who tested positive or indeterminate for antibodies to HCV are at increased risk of dying from liver disease compared to anti-HCV negative transfusion recipients.
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